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I. INTRODUCTION

The Aerospace Corporation solar x-ray spectrometer/spectro-

heliograph experiment on the U. S. Air Force Space Test Program

P78-1 satellite was launched on 1979 February 24. The satellite,

built by the Ball Corporation, provides an accurate solar pointing

platform for this payload.

The SOLEX A (SOLEX = Solar X-Ray) spectrometer has a Z0"
FWHM (full width at half maximum) multigrid collimator, an ADP

(Ammonium Dihydrogen Phosphate) or RAP (Rubidium Acid Phthalate)
high spectral resolution Bragg crystal, and a proportional counter

detector with a 25 jim thick beryllium window. The SOLEX B
spectrometer has a 60" FWHM collimator, an ADP or RAP crystal,

and a CEMA (channel electron multiplier array) detector with a

MgF 2 photocathode. The SOLEX crystals and detectors can be

driven so that either spectrometer exposes ADP to the collimated

solar x-rays while the other exposes RAP. The spacecraft pointing

system can raster the SOLEX collimator over the whole sun or a
5' x 5' region (to build up a monochromatic image of a solar active

reg-on), or it can point the instrument anywhere on the sun so that

spectra of those regions defined by the collimators in the 3-25 A range
are obtained. The MONEX (Monitor X-Ray) experiment simultaneously

records broadband observations of both hard and soft x-ray emission

from solar flares and active regions in the wavelength range 0. 1 -
12 !(l-120 keV). The MONEX hardware consists of two proportional

counter detectors which view the entire sun. Six channels of pulse

height analysis are employed for each detector. The time resolution

for each of the two MONEX proportional counters (wavelength ranges

0.1 - 1. 1 and 0.7 - IZ.4 1) is 3Z ms. In addition, the time resolution

for each of the twelve MONEX pulse height channels (six for each

counter) is 1. 024 s. The SOLEX and MONEX instruments have been

described by Landecker, McKenzie and Rugge (1979) and Landecker

et al. (1979).
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Using the X-ray telescopes aboard NASA/Skylab-ATM, Vorpahl

et al. (1975) and Kahler, Krieger and Vaiana (1975) studied the

morphology of small solar flares. The structure most often seen by

these observers was a linear feature of width 511 - 10" and of length

511 - 2'. The size of a solar flare in x-rays is interesting for the

following reason. LI the volume V of the kernel and the emission

measure ( = f N 2 dV are known, then an estimate of the mean
e

electron density N in the kernel can be made. These may be the
e

only good density estimates obtainable in high temperature coronal

plasinas because other known density sensitive X-ray lines for

T a 107 K are only sensitive to very high densities (Mason et al. 1979;

Gabriel and Jordan 1969). The largest solar flares observed with

spatial resolution aboard NASA Skylab-ATM included the events of

1973 September 7, 1973 July 29, and 1973 June 15. The earliest

observations of the September 7 Class Xl flare (x-ray peak fluxI _Z -1

between 1 and Z x 10 " erg cm z 
s  between 1 and 8 !at earth)

began about 10 minutes after flare maximum (Moore et al. 1980).

By this time, the flare temperature had decreased to less than

8 x 106 K. The July 29 Class M7 flare (x-ray peak flux between7an~xl~e -2-)

and 8 x 10 "2 erg cm s )feet of the loop were both measured to be

32" x 32" (Moore et al. 1980). The largest solar flare observed

with good coverage by the ATM/NRL spectrographs on Skylab was

the 1973 June 15 event (Widing 1975). The projected length of the

XUV arch for this Class M3 flare was estimated to be 26, 000 k.-n or

36".

8



I. OBSERVATIONS

A Class X5 solar X-ray flare (flux in the 1-8 Aband about 7

times that of the 1973 July 29 flare observed from Skylab) was

reported in McMath Region 16239 (M5 E76) on 1979 August 20

starting at 0906 UT, with the flare maximum at about 0923 UT

(Solar-Geophysical Data, 1979). The rise of this flare was observed

by SOLEX and MONEX.

Near 0912 UT, while the SOLEX B RAP crystal channel was

recording four successive monochromatic 5' x 5' raster maps at

15. 012 A (Fe XVIi p6  so -2p5 3d 1P ) and 18. 969 A
(0 ViI Is 2S/Z- 2p 2 Pl/Z, 3/2 ) ' the SOLEX A ADP crystal channel

was recording two successive pairs of monochromatic maps in the

solar continuum at 6. 120 A and 7. 735 ,. A map at each of the two

continuum bands (uncorrected for instrument electronic dead time)

is shown in Figures 1 and 2. SOLEX A and SOLEX B counting

rates are each recorded every 32 ms. During this time, the

spacecraft pointing control has scanned through an angle 2. 44" in

azimuth. Figure 3 shows a plot of the counting rates (corrected for

instrument dead time) recorded as the center of the collimator field

of view scanned along the horizontal line at -13. 95' elevation in

Figure Z. The background, about 1.3 counts/3 2 ms, was negligible

compared to the peak counting rate of 613 counts/3 2 ms. The FWHIi

of this counting rate profile is 28 =l". An observed FWHM of 28"

might arise, for example, from a cylindrical source (seen end on)

of width 28", or a uniform sphere of diameter 33". Statistical

uncertainties make it impossible to determine uniquely the source

shape. At the time of this observation, the flare flux measured by

the GOES 2 satellite was 2 x 10" erg cm "Z s "L in the 1-8 Awavelength

band. Although the solar X-ray flux tripled between 0910. 9 and

0913. 0 UT when the kernels in Figures 1 and 2 were recorded, the

spatial extent and center of emission did not change significantly.
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I CON TOUR COUNTS/0.03,sec
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Figure 1. Small Raster Solar Map in 6.120 A Continuum Made with
SOLEX A 20 arc sec Collimator.

The raster, consisting of 16 horizontal lines, started at
the top of the figure at 9h 10 min 9. 4s UT and stopped 61. 4 s
later. The raster center (indicated by the cross) is located
at solar latitude N 11. 20 and solar longitude E 80. 50, with
the solar north direction indicated. Elevation and azimuth
scales in the figure are with respect to the center of the
solar disk. Intensity levels are in counts per 32 ms.
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Figure 2. Small Raster Solar Map in 7. 735 A Continuum Also Made with
SOLEX A 20 arc sec Collimator.

This raster started at 9 h 12 min 12. 3 s UT. Raster line
number 12, the one with the highest counting rates, is also
shown. The raster center is the same as in Figure 1.
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SOLEX data collection stopped at 0913. 8 UT. At that time the

SOLEX detector high voltage supplies were shut off by a MONEX

circuit designed to protect the SOLEX detectors from damage by
high charged particle fluxes. This flare was so intense that the

hard X-ray flux triggered the protection circuit, which was set at

its lowest programmable flux threshold. Thus, although we did not

measure the size of the flare at maximum, it probably was about the

same as it was at the XZ level. Since the flare was at longitude E76,

the image is foreshortened by up to a factor of four and is therefore

more indicative of height than width. However, the scan plotted in

Figure 3 is nearly N-Sand foreshortening is small in this direction.

12
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III. DISCUSSION

This is the first time that the extent of a flare this intense

has been measured in the x-ray region. Most solar flare theories

predict instabilities in coronal regions much smaller than those

reported here, although the size of the regions of heated plasma

are clearly much larger than the triggering volumes and may not

be spatially coincident with them. Also, since our resolution is

only 20", we cannot exclude the possibility that the hot

plasma is confined to regions much smaller than the measured

28" overall extent of the kernel.

No known lines contribute significantly to the continuum raster

maps shown in Figures I and Z. One can see this by considering

the Bragg angles of the relevant wavelengths. The HWHM (half

width at half maximum) of the 6. 646 A Si XIII Is 1s0 - is2 P1

resonance line recorded with the SOLEX A - ADP crystal combination

during a large flare on 1979 March 31 was 0.8' (0.0140). The closest

line to 6. 120 !(Bragg angle = 35. 1130) is the Si XIV Lyman-a line at

6. 186 A (Bragg angle = 35. 5480). The continuum at 6. 120 is

therefore about 31 HWHM from this line. Similarly, the closest

line to 7. 735 A (Bragg angle = 46. 633*) is the weak blend of Al Xl

and XII lines at 7. 761 A (Bragg angle = 46. 838*), located 15 HWHM

from it. For Lorentzian line shapes, line emission contributes less

than 1% of the flux for the maps under discussion here. From the

width of the line at 6. 646 A, it can be inferred that the half intensity

bandpass of each continuum map is about 0. 004 A.

The SOLEX maps can be used to obtain an estimate of the

electron density, Ne, in the high temperature flare plasma. The maps

give only a single measure of the X-ray intensity. Since the intensity
2

is a function of the form cx f (T), the emission measure, c Ne dV,
can be determined if the temperature is known. From the emission

measure and knowledge of the flare morphology obtained from the maps,

15



N may be estimated. The derived densities will be lower limits
since the plasma may be concentrated in unresolved structures.

We obtain the needed temperature estimate from the MONEX Low

Energy Monitor (LEM) data shown in Figure 4. The efficiency of

the LEM is well known but the energy channel thresholds are

somewhat uncertain. However the channel 4/channel 5 boundary
is known to be at 5. 9 keV from calibrations made at various times

during the one year period before launch when the experiment was

aboard the spacecraft (there is no inflight LEM calibration source).
By using the channel 4/channel 5 counting rate ratio (after back-

ground subtraction and deadtime corrections) and model X-ray spectra

computed by A. . C. Walker, Jr. ( unpublished), we estimate a temperature
of 16 x 106 K throughout the period for which we have SOLEX maps.
This is likely to be an overestimate since the high LEM channels
respond preferentially to emission from the hottest emitting regions,

and the LEM spectrum may be flattened by pulse pileup effects

(Datlowe 1975). If the temperature characterizing the continuum

at 6. 120 and 7.735 A is lower than 16 x 106 K, the following

emission measures will be underestimates.

The fluxes derived from the SOLEX measurements are given

in Table 1, where fc is the collimator transmission averaged over
the entire emitting structure when the maximum counting rate in

the raster was obtained. The first two measurements were made

at 6. 120 A and the last two at 7. 735 A. For a uniform sphere of

diameter 33", centered in the collimator field of view, f - is 2. 14.c

The emission measures derived by using Walker's calculations are
given in Table 1. The emission measures are higher than one might

expect. This is because the continuum in the 6-8 A range is emitted

by plasma over a wide range of temperatures. For example, at 8 A,

plasmas at temperatures above 7.4 x 106 K emit over half as strongly
as a plasma of the same density at 16 x 106 K. Thus the emission

16
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Figure 4. MONEX Low Energy Monitor Data.

The time intervals when the two SOLEX small
rasters were recorded are shown.
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Table 1. Derived Flare Parameters

Time (UT) 0909.9 0910.9 0911.9 0913.0

Flux(10"2 fc erg cm 2s A 1) 1.0 2.2 4.4 7.8

EM (10)50 crn "3  1.4 3.1 7.3 12.7

11 -3N (10 cm 1.4 2.1 3.2 4.2

18



measures in Table 1 are for plasma in a broad temperature band.

In contrast, emission measure determinations made by using the flux

from single spectral lines or shorter wavelength continuum measure-

ments apply only over a relatively narrow temperature range.

Therefore the emission measures in the table are not surprisingly

high.

Table 1 also gives the electron densities derived from the

SOLEX measurements by assuming that the emitting structure is a

sphere of diameter 33". The derived densities are somewhat higher

than those determined by using the 0 VII line flux ratio,

ls1 S 0 -1sZ s 3 S1 to Is1 S 0  is2p 3P I , for flares on 1979 June 10

(McKenzie et al. 1980) and 1979 March 31 (McKenzie and Landecker

1980). For the August ZO flare the temperature of the dense plasma

extended well above the z x 106 K characteristic of the 0 VII emission.

19
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerospace Corporation is conducting

experimental and theoretical investigations necessary for the evaluation and

application of scienttfic advances to new military concepts and systems. Ver-

satility and flexibility have been developed to a high degree by the laborato-

ry personnel In dealing with the many problems encountered in the Nation's

rapidly developing space systems. Expertise in the latest scientific develop-

ments is vital to the accomplishment of tasks related to these problems. The

laboratories that contribute to this research are:

Aerophysics Laboratory: Aerodynamics; fluid dynamics; plasmadynamics;

chemical kinetics; engineering mechanics; flight dynamics; heat transfer;
high-power gas lasers, continuous and pulsed, IR, visible, UV; laser physics;

laser resonator optics; laser effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric reactions and optical back-
grounds; radiative transfer and atmospheric transmission; thermal and state-
specific reaction rates in rocket plumes; chemical thermodynamics and propul-
sion chemistry; laser Isotope separation; chemistry and physics of particles;
space environmental and contamination effects on spacecraft materials; lubrica
tion; surface chemistry of insulators and conductors; cathode materials; sen-
sor materials and sensor optics; applied laser spectroscopy; atomic frequency
standards; pollution and toxic materials monitoring.

Electronics Research Laborato.y: Electromagnetic theory and propagation

phenomena; microwave and semiconductor devices and integrated circuits; quan-
tum electronics, lasers, and electro-optics; communication sciences, applied

electronics, superconducting and electronic device physica aillimeter-wave

and far-infrared technology.

Materials Sciences Laboratory: Development of new materials; composite

materials; graphite and ceramics; polymeric materials; weapons effects and

hardened materials; materials for electronic devices; dimensionally stable
materials; chemical and structural analyses; stress corrosion; fatigue of
metals.

Space Sciences Laboratory: Atmospheric and ionospheric physics, radia-
tion from the atmosphere, density and composition of the atmosphere, aurorae
and airglow; magnetospheric physics, cosmic rays, generation and propagation

of plasm waves in the magnetosphere; solar physics, x-ray astronomy; the effects
of nuclear explosions, magnetic storms, and solar activity on the earth's

atmosphere, ionosphere, and magnetosphere; the effects of optical, electromag-
netic, and particulate radiations in space on space systems.6i
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